Abstract: Impulsive choice behavior occurs when individuals make choices without regard for future consequences. This behavior is often maladaptive and is a common symptom in many disorders, including drug abuse, compulsive gambling, and obesity. Several proposed mechanisms may influence impulsive choice behavior. These mechanisms provide a variety of pathways that may provide the basis for individual differences that are often evident when measuring choice behavior. This review provides an overview of these different pathways to impulsive choice, and the behavioral intervention strategies being developed to moderate impulsive choice. Because of the compelling link between impulsive choice behavior and the near-epidemic pervasiveness of obesity in the United States, we focus on the relationship between impulsive choice behavior and obesity as a test case for application of the multiple pathways approach. Choosing immediate gratification over healthier long term food choices is a contributing factor to the obesity crisis. Behavioral interventions can lead to more selfcontrolled choices in a rat pre-clinical model, suggesting a possible gateway for translation to human populations. Designing and implementing effective impulsive choice interventions is crucial to improving the overall health and well-being of impulsive individuals.
Everyday life is comprised of many choices. Decisions must be made about how to act, what to buy, what to eat, and so on. Some of these daily choices may be deliberate, whereas others are unplanned and impulsive. It is essential to better understand those impulsive decisions, as impulsive behavior is associated with many disorders including attention deficit hyperactivity disorder (ADHD; Neef et al. 2005) , schizophrenia (Heerey et al. 2007) , drug abuse (Bickel and Marsch 2001) , smoking (Mitchell 1999) , compulsive gambling (Alessi and Petry 2003; Petry and Casarella 1999) , and obesity (Boomhower et al. 2013; Jarmolowicz et al. 2014; Weller et al. 2008) . Impulsive behavior often involves making choices without considering the future consequences (Madden and Bickel 2010) , for instance, choosing to purchase and devour a tempting chocolate bar at the checkout line in the grocery store, instead of waiting to prepare and eat the more healthy options in your shopping cart.
Much of the current impulsive choice research endeavors to understand mechanisms and means of moderating impulsive choice through the use of laboratory animals. Animals provide a behavioral analog that enables researchers to assess impulsivity under a number of varied conditions and control for many outside influences that cannot necessarily be controlled in human samples. Impulsive choice is the propensity to choose a smaller reward that will be obtained sooner (smallersooner, SS) rather than waiting for a larger reward that would be obtained later (larger-later, LL; Cardinal et al. 2001; Evenden and Ryan 1996) . For example, a rat may choose to wait 5-s for 1 food pellet (the SS) or to wait 30-s for 2 food pellets (the LL). The rat then has to wait 60-s before being able to choose again. Here, the LL food reward is the optimal choice in the long run, resulting in more total food earned, compared to the SS reward. Thus, predominant choices of the SS are sub-optimal, and hence impulsive. The amount of food reward and/ or the delay until reward can be manipulated to assess the rat's self-control and ability to wait for a larger reward.
The basic testing paradigm for assessing impulsive choice consists of placing the rat in an operant conditioning box (i.e., an experimental chamber) and giving it repeated choices of different delays and food reward amounts. For each individual choice, the rat makes its selection of either the SS or LL reward by pressing one of two levers that it has learned to associate with the fooddelay combinations of the rewards. Testing of impulsive choice behavior in human participants can be conducted using a similar task, though there are several other available methods. One common test entails giving people choices between SS and LL choices that involve monetary rewards delivered at different delays (Madden et al. 2004 ). Human testing is generally conducted in a single session of shorter duration than the comparable lab animal testing sessions.
These testing procedures in rats and humans have identified a broad spectrum of individual differences in impulsive choice behavior Navarick 1998; Galtress et al. 2012 ). For instance, there are individual differences in the rate at which one devalues future rewards and views the immediate reward as more valuable, a phenomenon referred to as delay discounting. The discounting rate is a common measure of impulsive behavior in rats and humans; specifically, steeper discounting functions reflect greater impulsivity. The hyperbolic discounting equation is commonly used to predict the subjective value (V) of reward as a function of the amount (A) of the reward and the delay (D):
Here, k represents the discounting rate (i.e., an individual difference parameter in impulsive choice behavior). An updated model includes an exponent to the denominator of the previous equation, s, in which individual differences in s account for individual differences in sensitivity to time; this model has been shown to more accurately fit individual differences in choice data in some cases (Myerson and Green 1995) :
In accordance with the modified hyperbolic discounting equation, many recent studies have indicated that temporal processing, for example, may play a critical role in impulsive choice behavior Baumann and Odum 2012; Cheng 1992; Galtress et al. 2012; McClure et al. 2014; McGuire and Kable 2012; Wittmann and Paulus 2008; Smith et al. 2015; Zauberman et al. 2009 ). How one understands and perceives time, may affect timing abilities and the subjective value of rewards. Temporal myopia, making poor long-term choices, is a result of the inability to find appropriate value in long-term consequences (Rachlin 2000) . Additionally, stable levels of delay discounting have been found in humans and rats (Dellu-Hagedorn et al. 2004; Galtress et al. 2012; Jimura et al. 2011a; Marshall et al. 2014; Peterson et al. 2015) , indicating that delay discounting/impulsive choice is a stable trait variable (Odum 2011a (Odum , 2011b Odum and Baumann 2010) . Although individual discounting rates remain relatively stable across time, recent research has indicated that time-based interventions may effectively change these responses. This suggests that impulsive choice behavior is a stable, yet somewhat malleable trait. This review examines the role of individual differences in impulsive choice, the possible mechanisms involved in impulsive choice behavior, and how intervention strategies may alter choice behavior. With impulsive choice playing such an important role in our lives and health, behavioral interventions have become essential tools for changing impulsive choice. For laboratory animals, interventions include exposing animals to extended or uncertain delays. Experience with long delays and/or dynamically changing delays increases self-control in lab rats Stein et al. , 2015 . Experience with delay has also been used as an effective intervention in humans, leading to more self-controlled choices (e.g., Eisenberger and Adornetto 1986) . Intervention strategies also incorporate improvement of key components of choice behavior, such as working memory and delay discrimination ability (Bobova et al. 2009; Marshall et al. 2014) . Intervention strategies must account for the vast individual differences in impulsive choice behavior; strategies that are successful for one person (or rat) may not be useful for another. Although some neurocognitive, pharmacological, and behavioral interventions have been utilized in humans, more work is needed. Designing and implementing targeted interventions to increase self-control in lab animals can potentially lead to effective translational applications for the human population. The ability to increase selfcontrol and decrease impulsive choice behavior in humans could minimize health risks in impulsive individuals, such as drug abuse, pathological gambling, and obesity-related disease as well as improve overall health.
Mechanisms of Impulsive Choice
There are several mechanisms which affect an individual's level of impulsive choice, such as timing, reward processing, motivation/industriousness, and working memory (Figure 1 ). Individual differences in impulsive choice may be a result of different mechanisms attributing to their impulsive choice . Thus, impulsive choice could emerge from deficits in one or more pathways. What this means is that two individuals could be equally impulsive, but for totally different reasons. This may be one reason why impulsive choice is a trans-disease process (Bickel and Mueller 2009) , because there are multiple causal pathways. It is essential to understand the mechanisms leading to impulsive choice as these can be potential avenues to moderate impulsive choice through behavioral interventions (see Moderating Impulsive Choice through Behavioral Interventions). It is critical to understand not only whether an individual is impulsive, but also why they are impulsive.
Deficits in an individual's ability to process and perceive time are thought to contribute to individual differences in impulsive choice (see Navarick 1998), providing one potential pathway to impulsivity (see Figure 1) . Previous research in humans has suggested that impulsivity is related to deficits in interval timing, or the perception of time on a scale of seconds to minutes (Baumann and Odum 2012; Darcheville et al. 1992; van den Broek et al. 1992) . Moreover, rats that made more self-controlled (LL) choices also showed better temporal discrimination abilities McClure et al. 2014) . Another component of timing contributing to impulsive choice behavior is the extent to which an individual considers future consequences. The more selfcontrolled (LL) choices an individual makes, the more likely they are to focus on the future (Daugherty and Brase 2010) . Together, more self-controlled behavior and greater consideration of future consequences predict more healthy behaviors such as less frequency of alcohol use and wearing a seat belt (Daugherty and Brase 2010) . Shifting one's perspective to a more future-oriented mindset could be an avenue for treatment programs for obesity, substance abuse, and gambling (Wittmann and Paulus 2009; Rachlin 2000) . Overall, these results suggest that one's perception of the passage of time may be strongly related to his or her propensity to make impulsive decisions (Takahashi 2005; Takahashi et al. 2008; Wittmann and Paulus 2008; Kim and Zauberman 2009 ).
Similar to the evidence suggesting that poor timing may underlie impulsive choice behavior McClure et al. 2014) , recent research has suggested that poor reward discrimination may also contribute to impulsive choice (Marshall and Kirkpatrick 2016) . Here, rats chose between SS and LL outcomes, and the magnitude of the LL reward was manipulated. Subsequently, the rats experienced a reward discrimination task, in which the reward magnitude for making a certain response was manipulated. The rats that made more LL choices in the impulsive choice task also made more responses for the larger reward magnitude in the reward discrimination task, suggesting that rats that are better at discriminating differences in amount are also more self-controlled (Marshall and Kirkpatrick 2016) . This mirrors the findings with temporal discrimination and suggests that poor discrimination of the components of the SS and LL outcomes drive impulsive choices. In other words, self-control may relate to the ability to make well informed choices. Thus, deficits in reward processing represent another pathway to impulsivity, as depicted in Figure 1 .
In addition to mechanisms related to interval timing and reward processing, motivation and industriousness are a third potential pathway to impulsivity. Incentive motivation refers to the willingness to work for rewards. Examinations of individual differences in rats have indicated that willingness to work for food rewards, measured by a progressive ratio schedule, related to adaptability in choice behavior with changes in choice parameters ). In addition, the nucleus accumbens, a brain region that is implicated in regulating (Balleine and Killcross 1994; Corbit et al. 2001) , also plays an important role in impulsive choice through effects on reward processing (e.g., Galtress and Kirkpatrick 2010) . Similar to motivation, industriousness refers to the effort put forth to obtain a reward. Eisenberger and colleagues posit that learned industriousness, the process of learning that high effort behaviors are associated with high reward, can improve self-control (e.g., Eisenberger et al. 1989 Eisenberger et al. , 1985 . Understanding the motivational levels exhibited by impulsive individuals and learning how to manipulate motivation may be an avenue to moderating impulsive choice.
A final pathway to impulsivity is working memory which is presumably important for maintaining an active expectation of reward delivery during the delay to receipt of reward (see Figure 1) . Bobova et al. (2009) demonstrated that individuals who were more impulsive also exhibited poorer working memory (or short-term memory) capacity, suggesting that more impulsive individuals are less proficient at maintaining, storing, and manipulating information (see Baddeley 1992) . Moreover, individuals tend to make more impulsive choices when more information has to be maintained in working memory (Hinson et al. 2003) . Additionally, when working memory is taxed, food choices are strongly driven by implicit attitudes that have been suggested to relate to impulsive behavior (see Friese et al. 2008 ). Thus, deficits in working memory may be related to individual differences in impulsive choice behavior, creating another potential pathway to impulsive decisions.
Collectively, these results indicate that deficits in interval timing, reward processing, motivation (and industriousness), and working memory are separate pathways leading to individual differences in impulsive choice behavior. As exemplified in Figure 1 , there is a broad spectrum of performance levels across these four domains that may produce the same overall degree of impulsivity, indicating that a comprehensive reductionist/mechanistic approach to the analysis of impulsive choice should be implemented so as to best understand why certain individuals can wait for a larger reward, while other individuals simply cannot.
Moderating Impulsive Choice through Behavioral Interventions
In addition to gaining insight into mechanisms of individual differences, examination of the specific factors that govern individual differences can provide a gateway to developing neurocognitive and/or pharmacological interventions to alleviate the impulsivity-based behavioral deficits associated with diseases and disorders such as drug abuse, pathological gambling and obesity (e.g., Bickel and Marsch 2001; Bruce et al. 2011; Weller et al. 2008 ). The preceding section described how individual differences in specific processes could create different pathways to impulsive choice behavior (see Figure 1) . Accordingly, these mechanisms can be targeted by specific interventions to promote self-control. In other words, if the corresponding performance levels within the underlying mechanisms improve, then selfcontrol may be a direct result of such improvements (see Figure 1) .
The first pathway to impulsivity noted above is through deficits in timing processes. Temporal discrimination is an important feature of decisions between differentially-delayed rewards; indeed, rats that are more self-controlled are also more tolerant of longer delays to reward and show better temporal discrimination . Accordingly, previous research has employed targeted interventions focused on improving how well an individual processes time (i.e., temporal processing); these interventions will be subsequently referred to as time-based interventions to improve selfcontrol (i.e., reduce impulsive choice). Simple exposure to delayed rewards results in a reduction in impulsive choice behavior in rats (Madden et al. 2011; Stein et al. , 2015 and humans (Eisenberger and Adornetto 1986) . Additionally, exposure to long reward delays results in less impulsive choice behavior than exposure to short reward delays (Eisenberger et al. 1982 , also see . Moreover, in pigeons, Mazur and Logue (1978) showed that gradual shortening ("fading") of the SS delay to 0 s (after initially setting the SS and LL delays equal at 6-s) maintained increased preference for the LL outcome compared to a group of pigeons that simply chose between an immediate (0-s) SS outcome and the delayed (6-s) LL outcome. It has been subsequently shown that gradually increasing the delay to the LL reward while participants engaged in a secondary task maintained preference for the LL outcome in adults with development disabilities (Dixon et al. 1998) , children with ADHD (Binder et al. 2000 , also see Neef et al. 2001) , and adults with moderate to severe intellectual disabilities . Moreover, impulsive choices in delay discounting paradigms are reduced when the decision questions are framed in different ways. For instance, delayed rewards are perceived as more valuable when the delay is specified in terms of the date of receipt rather than the amount of time until receipt (see Koffarnus et al. 2013) . Overall, there is clear indication that temporal processes are important in impulsive choice, either through the direct experience of delays or through framing of delay information.
Recent research in our laboratory has investigated the effects of different types of time-based interventions on impulsive choices and timing processes in rats . For one group of rats, the intervention required the rats to inhibit their responses for reward for a programmed interval of time (e.g., 30-s), a differential reinforcement of low rate schedule. Two other groups of rats were exposed to the same reward delays as they received in the impulsive choice task; half of these rats were exposed to exactly the same reward delays as the impulsive choice task, while the other half were exposed to reward delays that averaged the same interval as the impulsive choice task. Interestingly, all three of these different interval-timing-based interventions promoted self-control and also led to improved temporal discrimination . Such improved timing and choice performances following the time-based interventions confirm the relationship between interval timing and impulsive choice (see Kirkpatrick et al. 2015) as a potential causal pathway. The ability of time-based interventions to alleviate impulsive choice tendencies reflects a crucial step in treating maladaptive behavioral tendencies in populations that also exhibit temporal processing deficits, such as those characterized by schizophrenia, ADHD, and drug abuse (e.g., Allman and Meck 2012; Wittmann and Paulus 2008) .
In contrast to the relationship between temporal processing and impulsive choice, further evidentiated by the impact of temporal interventions on choice behavior, the employment of reward-based interventions to improve impulsive choice has been relatively absent from the literature. implemented a reward bundling procedure between two phases of an impulsive choice task. In this reward procedure (see Ainslie and Monterosso 2003) , smaller-sooner (i.e., impulsive) and large-later (i.e., self-controlled) rewards were delivered throughout a trial. For example, if the size of the bundle was three, then a smaller-sooner choice resulted in three smaller-sooner rewards (e.g., 1 pellet × 3 deliveries), while a larger-later choice resulted in three later-later rewards (e.g., 3 pellets × 3 deliveries). In the bundle conditions, each of the smaller-sooner and larger-later rewards were separated by the length of the larger-later delay; that is, the greater the bundle, the more exposure to larger-later delays. reported that the greater the reward bundling (i.e., 1 vs. 3 vs. 9 deliveries of reward), the more often rats chose the larger-later outcome in the impulsive choice task following the reward bundling procedure. Interestingly, these results were explained not in terms of reward bundling, but in terms of more exposure to the LL delays throughout the reward bundling procedure for the rats that received larger bundles of reward ). Essentially, this explanation corroborates the impact of a time-based intervention on impulsive choice (e.g., Smith et al. 2015) , but did little to suggest whether a reward-based intervention would be able to reduce impulsive choice via improvements in reward processing.
Such a question was addressed by Marshall and Kirkpatrick (2016) by delivering a reward magnitude intervention and assessing the effects on impulsive choice behavior. During the intervention, the Intervention Group responded for different magnitudes of reward, while the Control Group responded for identical magnitudes, with the goal that the Intervention Group would become better at discriminating reward magnitudes. Following this behavioral task, the rats were re-exposed to the impulsive choice task and then tested for their reward discrimination ability. The rats in the Intervention Group showed decreases in impulsive choice and greater discriminability of reward magnitudes. Thus, these results suggest that targeting an individual's reward processing ability through a reward-based intervention promotes more selfcontrolled choices, minimizing any suboptimal/maladaptive behavioral propensities. These results also confirm reward magnitude processing as a second viable pathway to impulsive choice.
A successful program of intervention development in humans has been Eisenberger's research on learned industriousness, focused on training individuals to tolerate more intensive work demands (e.g., Eisenberger et al. 1989 Eisenberger et al. , 1985 . This line of research provides evidence that behavioral training methods can prove effective as interventions for impulsive choice in humans and has implications for the interaction between motivation and impulsivity. However, self-control engendered by industriousness training appears to be largely independent from self-control in delay discounting situations, where the focus is on delay tolerance rather than work load (see for example, Eisenberger et al. 1982; Walton et al. 2006) . Ultimately, self-control may be at least partially promoted via implementation of programs that encourage persistence and tolerance to more laborious tasks, thereby motivating individuals toward a delayed yet more rewarding outcome.
A final targeted mechanism of behavioral interventions is working memory, as poor working memory has been shown to predict impulsive choice. Improvements in working memory capacity may promote greater self-control in sub-populations that exhibit working memory deficits, such as those characterized by drug abuse (Bechara and Martin 2004) , schizophrenia (Lee and Park 2005) , and ADHD (Martinussen et al. 2005) . Indeed, Bickel et al. (2011) exposed substance abusers to a computerized working memory training program (PSSCogReHab), in which the participants were required to recall sequences of digits or words (i.e., a behavioral intervention), or a control program in which the participants were provided the answers to the same series of task questions in the working memory training program. The individuals who experienced the working memory training decreased their impulsive choices, while the individuals who experienced the control task increased their impulsive choices (Bickel et al. 2011) . In an attempt to extend these findings to nonhuman animals, Renda et al. (2015) presented rats with either a working memory intervention or a non-intervention control task and assessed the effects on impulsive choice behavior. While the training improved working memory performance in the rats exposed to the intervention, it did not reduce impulsive choice relative to that of the control task. Therefore, given the discrepancy in results in different species, future research is needed to better elucidate the interaction between these psychological mechanisms (see Bickel et al. 2014) .
Overall, the aforementioned results speak to malleability of individual differences in impulsive choice. While individual differences are relatively stable across long stretches of time in both humans and rats (e.g., Jimura et al. 2011b; Odum 2011c; Peterson et al. 2015) , it is possible to intervene and adjust behavior. This may be done via improvements in core processes that create specific pathways to impulsive choice, and the success of the interventions further attests to the involvement of these specific mechanisms in impulsive choice (see Mechanisms of Impulsive Choice). However, it is important to note that such targeted interventions may be more or less successful depending on the individual or group of individuals. For instance, a time-based intervention was successful, albeit more transient and weaker, in the Lewis strain of rats , which has traditionally shown a strong propensity to make impulsive choices (e.g., Anderson and Diller 2010; Anderson and Woolverton 2005; Garcia and Kirkpatrick 2013; Madden et al. 2008 ). Lewis rats also are known to self-administer a variety of psychoactive compounds at a higher rate than control strains (García-Lecumberri et al. 2010; Kosten et al. 1997; Picetti et al. 2012; Suzuki et al. 1988 ). Their higher rates of self-administration are likely due to deficits in reward system functioning (Flores et al. 1998; Harris and Nestler 1996; Higuera-Matas et al. 2011; Martin et al. 1999 ). Thus, a reward-based intervention may provide a better outcome for these rats, a possibility that remains to be tested. In general, the effectiveness of any intervention will likely depend on the target mechanism and the target population.
Impulsive Choice and Obesity
The mechanistic approach to understanding impulsive choice and the methods to moderate impulsive choice proposed in this paper can be elucidated through an example involving obesity. Although there are many negative consequences associated with impulsive choice, obesity is one of the most prevalent. Over the past decade, the relationship between obesity and impulsive choice has received growing attention. Body mass index (BMI; i.e., body weight divided by height) and body fat percentage are two measures that are often used to define obesity, and the two measures have been used to understand the relationship between obesity and impulsive choice. Specifically, BMI (Jarmolowicz et al. 2014 ) and higher body fat percentage (Hendrickson et al. 2015; Rasmussen et al. 2010) are correlated with greater impulsive choice behavior. Obesity can lead to a myriad of negative health and economic consequences such as weight related illnesses, increased health insurance costs, lost productivity, absenteeism, and premature death (Hammond and Levine 2010) . According to the CDC, health problems associated with excess body weight include heart disease, stroke, cancer, and type 2 diabetes (Centers for Disease Control). Obesity-related medical costs in the United States were $147 billion in 2008 alone (Centers for Disease Control; Finkelstein et al. 2009 ). Moreover, it is estimated that by 2030, as much as 86% of the adult population in the United States will be overweight or obese (Wang et al. 2008) . These dire projections make the study of impulsive food choices a critical component of improving the physical and economic health of the United States.
While diet and exercise are common approaches used for treatment of obesity, one contributor that is often overlooked in obesity treatment programs is impulsive choice, which can be moderated through behavioral interventions. Impulsive choice behavior may be a possible mechanism by which individuals develop obesity, as individuals with greater impulsive choice behavior have been found to overeat (Guerrieri et al. 2007) . In a task where normal weight women could eat as many snacks as they wanted, those who were more impulsive and more motivated to work for food consumed more snacks than women who were similarly motivated to work for food yet not impulsive (Rollins et al. 2010) . This suggests that the combination of greater impulsivity and motivation to work for food influences food choice and food intake. This finding has important implications as it shows that normal weight women with high scores on both tasks may be more at risk for becoming obese as a result of the increased food intake. Intervention strategies aimed at decreasing impulsive choice provide a possible avenue for preventing obesity and treating overweight persons.
In order to appropriately address the underlying behavioral issues that contribute to poor food choices, the mechanisms leading to impulsive choice for people with obesity must be better understood. For example, if individuals with obesity typically have deficits in temporal processing, then a time-based intervention may be most appropriate for improving self-control in obese individuals. As obese individuals have been found to be more impulsive than normal weight individuals, one might expect this to be a result of poor temporal processing (i.e., timing). However, obese Zucker rats, an animal model for genetic obesity, were more sensitive to the rate at which they received reward compared with their lean counterparts, which suggests that they are sensitive to time (Buckley and Rasmussen 2012) . The contribution of time discrimination to impulsive choice in obese individuals needs to be investigated further to determine if this is a deficit that can be addressed to improve impulsive choice behavior. However, the role of consideration of future consequences in food choices is clear. Those who reported healthier eating were more likely to consider future consequences and focus less on immediate rewards (Dassen et al. 2015) . Behavioral interventions with a focus on changing a person's perspective of time may moderate impulsive choice, thus decreasing overeating and potentially leading to sustained weight loss.
Alternatively, targeting reward and/or motivational processes may be a fruitful route given the relationship between obesity and motivation to earn food reward. Applying learned industriousness to address impulsive behavior is a possibility, but it would need to be used cautiously, as improving the motivation to work in an impulsive individual may result in greater food intake if that effort is placed on working for food rewards. Rather, learned industriousness may be a potential avenue if the effort can be directed towards healthy behaviors intended to help with weight loss such as exercising. Finding a way to direct effort towards particular behaviors could be one possible way to address impulsive choice to treat obesity.
Ultimately, any successful intervention needs to be well informed by an understanding of the mechanisms that result in obesity through impulsive choices. Moreover, by focusing on those underlying mechanisms, treatments that decrease impulsive food choices in obese individuals could also generalize to other disorders associated with the same mechanism (e.g., Bickel and Mueller 2009 ). Thus, a more mechanistic focus could result in the ability for interventions to simultaneously treat multiple co-morbid disorders within the same individual.
Discussion
Impulsivity is a trait behavior (Jimura et al. 2011b; Kirby 2009 ) with the potential to lead to many maladaptive behaviors such as addiction, gambling, and obesity. Due to the copious health implications associated with impulsive choice behavior, gaining a deeper understanding through the parsing out of its infrastructure (timing, reward processing, motivation/industriousness, and working memory), as well as addressing deficits via the development of targeted behavioral and pharmaceutical interventions is essential to decreasing impulsive choice behavior and improving physical, mental, and economic health.
One common method for measuring impulsivity and differences therein, is through a SS versus LL impulsive choice task. In humans, the iconic marshmallow task, in which a child is told s/he can have one marshmallow now, or wait for a second marshmallow (Mischel and Underwood 1974) , and variations thereof can be used to assess impulsive choice. This task can be mimicked in rats with food pellets via SS and LL choices, which gives us novel insight into impulsive choice, decision-making processes, and their various components. The use of these tasks also highlights the individual differences in constituents of impulsive choice behavior, including the valuation of reward, the gravity of delay, and the impacts of diet on choice, as differences therein expound upon individual propensities in impulsive choice.
The maladaptive behaviors that can stem from increased impulsive choice can be attributed to deficits in one, or multiple, components of impulsivity, leading to different potential pathways to impulsive choice. Deficits stemming from these various mechanisms (timing, reward processing, motivation/industriousness, and working memory; see Figure 1 ) manifest themselves in unique behavioral properties when a choice paradigm is manipulated, potentially resulting in lack of patience, poor valuation of outcomes, weak diligence, or faulty memory processes. This provides the opportunity to discretely deconstruct, evaluate, and target the building blocks of impulsivity, as well as assess individual propensities to succumb to the maladaptive behaviors exacerbated by inherent impulsive tendencies.
Fortunately, copious research advocates that although certain individuals may be inherently more impulsive, more prone to making myopic decisions, and more at risk for developing maladaptive behaviors and health problems, their choice patterns do not have to be stagnant. Quite the contrary, through behavioral interventions that improve timing, reward processing, industriousness, or working memory impulsive choice behavior can be reduced. However, as described above, interspecies and individual discrepancies between the effects of certain behavioral interventions attests to the continuing urgency of further research.
Conclusion
With impulsive choice moderating everything from meal selections to lifelong paths, understanding the mechanisms and components thereof is essential for the overall physical, mental, and economic health of society. And, as current knowledge is still in its infancy, more growth must occur via the analysis of the mechanisms and pathways that affect impulsive choice. Furthering such knowledge will offer new insight into the behavioral interventions used to attenuate impulsive choice and allow for the development of more specifically targeted interventions. Current research should continue to focus on creating interventions tailored to the individual constructs of impulsive choice with the ultimate goal of producing targeted behavioral interventions for preventative and therapeutic use in humans.
